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Abstract

Computers are becoming an important tool in learning
environments, however, children’s access to computer
technology is often limited. Computers are commonly
placed at the back of the classroom or in a separate
computer lab. At home, if computers are available,
they are often found in a home-office or another
communal area. In both cases, the physical location of
the computers is separate from many places where
children's activities and learning occur. Flexible access
to technology will provide tools to help children
construct knowledge throughout their daily activities.

The growth of handheld computers provides the
potential to integrate computer technology into the
many facets of children’s lives. This paper
investigates issues surrounding the design of handheld
computers for children’s use in learning environments.
It focuses on child-centered design, engaging children
as active participants in the design of handheld
technologies. Two central issues are addressed:
mobility and sharability.

Keywords:  handheld computing, children, child-
centered participatory design, collaboration, learning
environments, education.

1. Introduction

It’s a Monday morning and Brittany, Sarah and
Madeline are working together on their butterfly
project. Brittany found two yellow butterflies when
she was playing in her treehouse on the weekend.
She showed the girls the pictures she took of the
butterflies. Sarah talked about all the butterfly
information she was able to find on the Internet
and brought up the cool web sites for the girls to
see. Later on Sarah and Madeline worked together
to figure out a pattern that showed how the
butterflies fly. Walking home that day Madeline
saw another yellow butterfly!  She noticed that this
butterfly flew in a slightly different pattern than
the one the girls created earlier.  She wrote down
the differences and ran to Brittany's house where
the girls modified the old pattern to better fit what
Madeline had seen. They called up Sarah (who

was visiting her Grandmother) and shared their
latest discovery.

While the above scenario is possible with existing
technology, it unfortunately would not occur
seamlessly. Most computer technology available to
children is segregated from other aspects of their lives.
Spontaneous discovery and construction of knowledge
utilizing computers is often limited. In addition,
collaborative interactions are constrained using
existing computer technology because the technology
has not been designed to support interactions among
multiple people. It is important that we begin to
investigate alternative technologies to seamlessly
support children’s collaborative knowledge
construction throughout the many facets of their lives.

With the growing popularity of handheld computing,
the market will soon include handheld computers for
children. While the potential of portable, ubiquitous
computing for children is exciting, care must be taken
to understand the issues surrounding children’s use of
this type of technology, especially for learning
environments. We cannot blindly apply design
approaches used for adults and workplace
environments. Child-centered research must be
undertaken to determine the most effective way of
designing handheld technology and integrating it into
children’s socially-rich, day-to-day lives.

This paper describes an on-going project aimed at
empowering children to investigate the potential of
collaborative handheld computing for use in school
environments. Children were actively engaged in
exploring design issues for handheld computing and
discussing issues associated with this type of
technology. Two main goals were addressed
concerning the exploration of handheld computing in
learning environments: mobility and sharability.
Mobility is the degree to which the technology is
accessible and portable. It is important to provide
children access to computer technology in the many
facets of their lives, augmenting their daily activities.
Sharability is the capacity for children to interact
collaboratively while utilizing the technology. It is
important that the technologies can be integrated into
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children’s rich social environments as well as provide
for the benefits of collaborative learning.

2. Related Work

2.1. Computers in the Classroom

The presence of computers in schools has grown
tremendously over the last ten years. Estimates on the
number of computers in American schools have risen
from 2.1 million in 1990-91 to over 8 million
computers in 1997-8 [1]. Even though these numbers
are rising, children’s access to computers is still
limited. In 1996-97, the student-to-computer ratio was
estimated to be seven to one, however, for multimedia
computers the ratio was twenty-two to one [1]. As a
result, computers in schools are typically either
distributed throughout the classrooms or placed in a
central location such as a computer lab. When the
computers are placed in the classroom, it often means
that there are only one or two computers per
classroom. In the computer lab setup, larger numbers
of computers are available but this still does not
guarantee a computer for every child. In reality the
amount of time that each child gets to interact with the
technology is quite small. This also means that the use
of computers is often segregated from the other
learning activities in the classroom. Computers are
commonly used for “computer activities” , and not
integrated into the learning of traditional subjects such
as math, language arts, and science.

Several programs have been initiated worldwide to
explore the benefits of providing children with better
access to technology through the use of portable
computers. Pilot programs in Australia have
demonstrated increased student achievement and
motivation as a result of utilizing laptop computers in
learning environments [2]. The Microsoft and Toshiba
sponsored “Anytime Anywhere Learning” program
also reported that better access to technology could
have a positive impact on learning and teaching styles
[3]. The use of laptops led to a higher quality of
written work; improved research and analysis skills;
and a better ability to apply critical thinking skills and
problem solving strategies. Teachers tended to become
facilitators as opposed to lecturers; students
participated in more project-based work; prepared
more presentations; and tended to direct their own
learning. As a result of the project-based learning,
collaboration also increased among students, with
portable computers facilitating the formation of
workgroups and online collaboration outside of school
[3]. However, in a different study, undertaken in the
UK, access to portable computers produced mixed
learning results dependent on subject area. Students
with access to portable technology demonstrated

increased performance gains in science over their
control-group counterparts but math and English
scores were lower [4].

These mixed results concerning learning enhancement
highlight the complexity of learning environments,
especially with the integration of computer
technology. Curriculum, teaching strategies, learning
styles, and classroom environments can all impact the
effectiveness of the technology towards learning
goals.

2.2. Handheld Hi-Tech Toys

Handheld computer technology for children is not a
new idea. The entertainment industry has capitalized
on the desire for portable hi-tech toys since the late
1970’s. Companies such as Coleco, Entex and
Bandai created miniature handheld versions of
classic coin-operated arcade games [5]. In the late
1980’s came the first handheld video game platform,
the Atari Lynx [6], soon followed by the Nintendo
Gameboy and Sega GameGear systems. These
game platforms have been extremely successful over
the past decade with Nintendo leading the way with
over 65 million units sold [7].

Beyond the world of video games, other handheld
electronic devices have also achieved commercial
success such as virtual pets like Bandai’s
Tamagotchi. Tamagotchi is a cyberpet housed in a
small egg-shaped electronic device. Just like a real
pet, the Tamagotchi requires nurturing (feeding,
discipline, attention, etc.) to survive and grow. In
1997, Bandai sold over 40 million units worldwide
[8].

While these products have been extremely successful
commercially, they have been designed primarily for
entertainment purposes and most are limited in the
scope of their functionality. Nintendo’s Gameboy is
one product though that is moving outside the realm of
video games with its recent release of a digital camera
and printer attachment [9]. This may be the beginning
of a trend towards portable computing for kids.

One of the main advantages of these handheld
electronic devices is their ease of integration into a
child's world. Because of their portability, children can
carry these devices with them wherever they go.
During recess they can show their friends the latest
trick they learned while playing the video game
Zelda. After school they can sit on their bed with
their friends and play with their Tamagotchi.
Children not only have access to the technology when
and where they want, but the products themselves
become a part of the children’s culture.
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2.3. Collaborative Technologies

The essence of handheld computing is individual by
nature. Most adults’  use of handheld computers deals
with managing personal information. However, within
learning environments, it is often the rich, social
interaction that produces significant learning benefits
[10,11]. When exploring the use of handheld
technology for learning environments, it is important
that we do not ignore support for children’s
collaborative processes. In addition to providing
personal information spaces, we need to examine
shared information spaces and provide for seamless
transition between the two. The sharing of knowledge
is an important component for effective collaboration.

The motivation for enabling collaborative interactions
with handheld technologies stems from the benefits
that traditional cooperative learning has been shown to
provide. Educational researchers have noted positive
academic and social benefits from having children
work together in small groups [10,11]. Collaborative
work is a priority in many classrooms with schools,
teachers, and curriculum standards emphasizing the
importance of group work. If we can utilize computer
technology to augment this learning process the
academic and social benefits of cooperative learning
could increase dramatically.

3. Research Activities

Three research activities were undertaken to begin the
exploration of collaborative handheld technology for
children's learning environments: a background
questionnaire, a participatory design activity, and a
paper-based notebook activity. Thirty-eight 10-12 year
old children from two grade six classes volunteered to
take part in the study. Parental consent was obtained
for all children who took part. The classes were from a
public elementary school on the east side of
Vancouver BC, located on the edge of the inner city.
The neighborhood is in a lower-economic area of
Vancouver and the children have diverse ethnic
backgrounds. Many of the children reported having
access to computer technology with 74% having a
computer at home and 76% using a computer at least
few times a week. While this is an ongoing project,
the activities described in this paper took place from
October – December 1998. Children were excused
from regular class activities to participate in the study.

The first research activity involved the children filling
out a background questionnaire. The questionnaire
gathered information such as the amount of time the
children spend using computers or playing electronic
games; whether or not they have computers or video
game players at home; and where the computers are
located in the home. Preference data was gathered on

where children would like to be able to use computers
and what type of activities they would like to be able
to perform. Children were also asked to indicate
whether they preferred playing with a partner or
playing alone when they used computers or video
games.

The second research activity involved children taking
part in a participatory design session to create low-
tech prototypes representing their views of what
handheld computer technology would look like and
what functionality it would have. This research
methodology was pioneered by Druin and Solomon
[12] and numerous researchers have since reported
successful use of these techniques to actively involve
children in the software design process [13,14,15,16].

The children used various arts and crafts supplies such
as paper, pens, pencils, markers, coloured pencils,
tape, glue, scissors, post-it notes, and plastic icons to
construct their prototypes. The children were also
given a variety of physical platforms that they could
use to illustrate their preferred size for a handheld
computer. The platforms included (from smallest to
largest) a Tamagotchi, a pocket electronic organizer,
a Gameboy, a Beauty and the Beast handheld
electronic game, and an Etch-a-Sketch. The children
could also build components of their handheld
computers out of Lego. The children worked in groups
of two to four for a one and a half hour period. Several
of the groups were videotaped as they took part in this
activity. Figure 1 shows a group of three girls working
on their prototype.

The third research activity, involved the children’s use
of paper-based notebooks. The children were each
given a small coil notebook and asked to imagine that
it was a handheld computer. The children were
required to carry the notebook around with them for
three days and write down places that they would like
to use their handheld computer. They also maintained
a list of activities that they would like supported by
their handheld computer. This activity encouraged
children to reflect throughout their daily activities on
how the use of handheld computer technology might
impact their lives. Text prompts were placed in the
notebooks to remind the children of their tasks. Figure
2 shows the notebooks, text prompts, and ideas from
two of the children.

The purpose of the research activities was to obtain a
child-centered perspective on issues surrounding the
design and use of collaborative handheld computers
for educational environments. In addition, ongoing
informal discussions and observations have been
gathered through weekly visits to the school which
supplement these structured activities.
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Figure 1. Three girls taking part in the participatory
design activity, working on their
prototype handheld computer.

Figure 2. Two coil notebooks used in the paper-
based notebook activity. Text prompt
stickers were placed at the top of the pages
to remind the children of their tasks.

4. Results

4.1. Background Questionnaire

All thirty-eight children completed the background
questionnaire. Of the children surveyed, 74% reported
having a computer at home. 76% of the children
reported using a computer at least a few times a week
and 53% reported using a computer almost every day.

Of the 29 homes with computers, the computers were
most commonly used in shared living areas such as the
basement, home-office, or living room (18, 62%). For
the remaining 11 homes, the computer was located in
either the child’s bedroom (6, 21%) or in a parent’s or
sibling’s bedroom (5, 17%)

The importance of mobility was examined by
children’s preference for where they would like to be
able to interact with computers. The bedroom was
found to be the most popular choice with 63% of the
children stating this preference. The next most desired
location was outside with 29% of children stating this
preference. This is a compelling result given the fact
that currently, none of the children have access to
portable technology that would provide them the
opportunity to interact with computer technology
outside.

The importance of sharability was examined by
children’s preferences towards using computers and
playing video games either alone or with a friend. The
majority of children (60%) stated that they enjoyed
both playing with friends and playing alone. For the
remainder of the children, 24% stated a preference for
playing along and 16% stated a preference for playing

with friends.  Children also expressed an interest in
using computers at a friend’s house with 37% stating a
desire to have portable technology that they could take
with them to their friend’s house.

Children also provided general comments on their
questionnaire that support the themes of portability
and sharability. One child explained, “ I would like to
be able to bring my computer to school in my pocket” ,
while another stressed “everything compatible.
Completely portable, light.”   In terms of sharability,
one child commented, “ I would like to call my friends,
talk to them, and see their faces” .

4.2. Participatory Design Activity

The children explored issues of size, functionality,
visual appearance, input and output devices, and
security through the participatory design activity.
Diagrams of two, low-tech prototypes are shown in
Figure 3. Although the groups worked independently,
several common threads were identified in their
designs.

Size was identified to be a critical component among
most of the groups. While small devices were
preferred to facilitate portability, the children didn’t
want to sacrifice screen and keyboard space. Several
of the groups proposed devices that folded across
various dimensions. One group constructed a flip-top
style of device, similar in size to the Palm Pilot but
also allowed the device to be folded in half for
storage, thus reducing its carrying size. Another group
suggested that the screen and keyboard could unfold
horizontally to essentially double in size during usage.
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(a) (b)

Figure 3. Children’s low-tech prototypes for handheld computers, created during the participatory design activities.

Shapes tended to be rectangular, representative of
most electronic devices, although two groups did
construct more circular shapes (See Figure 3b).

Printing was also identified to be a key component.
Most designs incorporated either a port to connect to
an external printer or housed an internal printer. One
group designed a small external printer that was ¼ the
size of a sheet of paper. They explained that the
printer would eject a regular 8½” by 11”  sheet of
paper but it would be folded. The printer itself would
know how to print on the folded page (See Figure 3a.)

Input was an important consideration for the children.
Many of the groups incorporated the use of keyboards
and mice. The lack of desk space was recognized by
many of the groups whose alternative suggestions
included a point-mouse, a track-ball style mouse, a
joystick style mouse, or a touchpad-mouse. Some
groups also incorporated pen-based input.

Speech was identified by several groups, including
voice recognition for input and speech output. One
group suggested the notion of a “ talking computer”
where users could verbally interact with their
computer.

Security was important to many of the children.
Several of the groups identified authentication
services, possibly through fingerprint recognition. One
group in particular articulated a sophisticated security
system that would send fingerprint information over a
satellite network to a central server. Once authenticity
was determined, the user’s profile would be
transmitted back to the handheld computer.

Functionality identified by the children spanned the
gamut. The two most commonly identified
components were access to the Internet and
availability of games. Other popular suggestions

included music, word processors, calculators,
organizers, a diary, and communication facilities
(phone, chat, and email).

While this activity was successful in identifying
important issues for the design of handheld computers,
many of the children were constrained by their pre-
conceived notions about what constitutes a computer
and the functionality that it can provide. Many of the
children expressed a need for Gigabytes, Megahertz,
3D graphics, and Windows. Almost all of the groups
identified the necessity of removable media such as a
disk, a CD, or a data cartridge. The concept of a
ubiquitous network was beyond most of the children.

4.3. Paper-based Notebook Activity

Twenty-eight of the thirty-eight children participated
in the paper-based notebook activity and wrote down
their ideas in coil notebooks. The children generated
lists of places they would like to use a handheld
computer and lists of activities that they would like to
be able to perform. Each idea recorded by the children
was transcribed onto a post-it note along with a
number identifying the child. The responses were
organized using an affinity diagramming technique to
conceptually group related items [17]. This allowed
children’s responses to guide the structure of the
results.

For the question of “where” children would like to use
handheld computers, 95 post-it notes were generated
which resulted in 12 single-level categories. These
categories are indicated in Table 1, along with an
example response from each category. The responses
to this question demonstrated that children have a
desire for portable technology that can be integrated
into the many aspects of their lives.



Kori M. Inkpen Page 6 of 8 Submitted to Personal Technologies

Table 1. “Where” children responded that they would
like to take their handheld computers.

Where # post-
it notes

Example
Comment

Everywhere 11 wherever I go

Home 19 in my bedroom

School 16 to school

Outside 7 outside at recess

Hobbies 7 skating

Shopping 7 to the mall

Friend/Relative
House

6 my friend’s house

Library 6 to the library

Car 4 in the car

Other
Transportation

6 on an airplane

Pocket 3 put it in my pocket

Miscellaneous 3 on vacation

For the question of “what”  the children would like to
be able to do with a handheld computer, 128 post-it
notes were generated which resulted in 5 higher-level
categories and 21 lower-level categories. The five
higher-lever categories were Entertainment, School,
Communication, Personal Organizer, and
Miscellaneous Activities. The lower-level categories
are indicated in Table 2, along with an example
response from each category. Children also indicated
several properties that they would like the technology
to have such as: voice activation; a pocket size
computer that goes into the big [computer]; and a
sensor to tell me what kind of place I am in.
Traditional computer components were also
mentioned such as CD-ROMs, scanners, and colour.

Table 2. “What”  children responded they would like
to do with their handheld computers.

What # post-
it notes

Example
Comment

Entertainment

Games 23 play games (real
games, not just tic-tac-
toe or cards)

Music 12 listen to music

TV/Videos 4 watch TV and movies

Shopping 4 pick out clothes

Photography 1 take pictures

School

Dictionary/spelling 9 look up words in the
dictionary

Research/Internet 8 portable internet

Homework 8 do my homework

Typing/writing 7 write essays

Calculator 5 calculate

Reading 3 read a book

Drawing 3 draw pictures, doodle

Communication

General
communication

4 communicate with
other computers

Phone 4 cell phone

Chat/email 3 chat with friends

Personal
Organizer

Schedule 10 make a schedule

Calendar/Clock 5 know the time and
date

Store Information 3 remember phone
numbers

Diary 3 have your diary

Money 1 keep track of accounts

Miscellaneous Activities

Various activities 8 go sightseeing around
the world
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5. Discussion

The results from the research activities, along with
general observations and discussions with the children
validate the key issues of mobility and sharability.

5.1. Mobility

The importance of mobility was evident in all three
research activities. The most compelling result was the
variety of places that children wanted to be able to
access computer technology. Children listed over
thirty distinct places where they would like to use
computers. Small, portable computers are necessary to
support this type of integration into the children’s day-
to-day activities. Children’s current availability of
computers is limited normally to one area at school
(the classroom or the computer lab) and one area at
home.

Another mobility issue uncovered was the potential
size of the handheld computer. Children don’ t carry
briefcases and their pockets tend to be small. Size and
weight of the unit will ultimately impact on the ease of
carrying it around. In one of the laptop school
programs, a decline in use was reported as the school
year progressed. One reason for this decline was
attributed to the excessive weight of the laptop
computer [4]. Most of the children in the participatory
design activity constructed relatively small handheld
computers that could be folded to make the unit more
compact for portability.

5.2. Sharability

The motivation for sharability of handheld computers
in learning environments is clearly supported by the
potential benefits of cooperative learning [10,11].
Throughout the three research activities, sharability
was implicitly supported by children's desire to use the
technology with friends and use it for activities that
are often performed with other people. For example,
shopping, playing games, and chatting to friends all
suggest a collaborative component.  The children also
expressed the desire to use the technology at their
friends' houses.

The children's prototype designs however did not
explicitly contain functionality to support sharability.
This is potentially due to current perception of
computing devices as “personal”  technologies and
therefore used by a single person. With the exception
of video games, most computer technologies are
designed to be used by a single user. As a result,
children may presently not view computer
technologies as potentially supporting their
collaborative interactions.

5.3. Usability

Usability from the perspective of children is another
key issue. Current handheld computers have been
designed for adult’s use in the workplace. Children's
usage and needs are often different than adults and the
goals of a learning environment are often different
than those in a workplace setting [18]. This
implication is highlighted in a recent study on the
effectiveness of palmtop computers in education. In
this study, usability issues such as difficulty in
accessing printers, managing the computer’s memory
and losing data all had a negative impact on palmtop
usage [19]. The results from the participatory design
activity give insight into issues of usability for
children such as size, input/output, screen layout,
icons, and terminology.

6. Conclusion

This work is the first phase in an ongoing research
project to investigate the design of handheld
computers for children’s use in an educational
environment. The issues uncovered provide an
important child-centered, learner-centered perspective.
The research validates the notions of mobility and
sharability as important components for children’s
effective use of handheld computers in learning
environments.

An issue not addressed by this work is the potential
educational benefits that collaborative handheld
technologies could provide. Previous research has
reported both positive and negative effects of utilizing
portable computers in school environments. This
emphasizes the importance of understanding the
potential of the technology, the needs and abilities of
the children, and the constraints of the environment in
which the technology will be used. Simply providing
children with the technology is not sufficient. Future
research on how to best facilitate learning with
handheld computers and how to integrate this
technology into the school environments is essential to
produce positive learning effects.

Other issues raised in the Handhelds for Kids breakout
session at the CSCW ’98 workshop on Handheld
CSCW included: technical issues surrounding inter-
device communication and ad-hoc networking; control
of use for parents/teachers/kids; display techniques for
sharing information in a face-to-face environment;
appropriate methodologies to examine educational
value; and user interface issues related to children
usage.

This work highlights the potential impact that
collaborative handheld technologies can have on
children’s interactions in a learning environment.  In
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contrast, poorly designed technology could have a
negative effective on learning.  As the market
potential for these types of devices will ultimately
ensure their development and release, strong, ongoing
research in this area will help ensure these
technologies are developed and utilized to their full
potential.
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